Abstract Pain is a complex phenomenon affected by biological, psychological, and social factors. Treatment of pain is most effective when using a multidisciplinary approach consisting of a careful selection of pharmacological and non-pharmacological interventions based upon disease factors, pain characteristics, psychological coping abilities, and lifestyle factors. In this review we focus on research-based evidence for non-pharmacological intervention including psychological intervention, physical exercise, patient education, and complementary approaches for pain management for patients with rheumatic diseases and common musculoskeletal pain conditions, such as low back pain. The vast majority of research studies on chronic pain conditions are focused on adults but pediatric studies are also reviewed wherever possible, to give the reader a more inclusive view of non-pharmacological approaches for pain management across the lifespan.
Introduction
Pain associated with rheumatic diseases and musculoskeletal disorders is of substantial public health importance. A recent Institute of Medicine (IOM) report indicated that treatment of chronic pain and costs related to lost productivity totaled over $635 billion per year [1•] . Many rheumatic and musculoskeletal pain conditions are chronic in nature and require a comprehensive approach to ensure long-term effective pain management. The IOM study committee recommended greater education of healthcare providers about the complex biological and psychosocial aspects of pain to provide more coordinated and effective care for chronically painful conditions.
The prevalence of rheumatic diseases is high and, in some cases, such as osteoarthritis, is likely to increase in prevalence with an aging population. Osteoarthritis (OA), the most common joint disorder, is believed to be a result of aging and wear and tear on a joint. OA is thought to affect more than 80 % of people over age 50 and also occurs in younger people after injury or repetitive stress [2] . Rheumatoid arthritis (RA) is a chronic autoimmune disorder that leads to inflammation of the joints, surrounding tissues, and may affect other organs. The prevalence of RA estimated to be 1-2 % of adults (ranging from 0.3 % for people under age 35 to 10 % for people over age 65) [3] . Fibromyalgia syndrome (FMS) is a condition characterized by widespread pain and tenderness in joints, muscles, tendons, and other soft tissues. FMS affects approximately 2 % of adults (3.4 % of women and 0.5 % of men) [4, 5] and is estimated to affect up to 6 % of school-age children [6, 7] . Low back pain is the most prevalent musculoskeletal pain condition, with a life-time prevalence of 70-85 % [8] [9] [10] . In a three-month period, over one quarter of adults in the United States report low back pain [11] .
There is evidence that the extent of tissue damage, disease variables, and/or radiological findings often do not explain the intensity of self-reported pain and of painrelated disability [12] . As such, pain may be best conceptualized via a biopsychosocial framework which posits that a complex interaction of biological, psychological, and social factors determine the severity of pain, pain-related suffering, and the extent of disability associated with pain. There is increasing recognition that factors such as ability to cope with pain, catastrophic thoughts about pain, lifestyle choices, family, and social factors are all important in the pain experience [13] [14] [15] [16] [17] [18] . These factors are likely to greatly affect patients' pain and functioning, and perhaps even the course of the disease itself. Therefore, consideration of non-pharmacological intervention should be an essential component of comprehensive care for patients suffering from chronic pain.
In the following sections, we discuss each of the categories of non-pharmacological intervention for adults, giving greater emphasis to those studies that have the strongest support on the basis of research evidence. When available, nonpharmacological pain intervention for children will also be reviewed.
Cognitive Behavioral Therapy (CBT) and Other Psychological Therapy CBT approaches and integrated therapies such as biofeedback have the strongest evidence base and will be discussed first, followed by a related therapy, in this section acceptance and commitment therapy (ACT). CBT was originally developed to target mood issues in adults [19] and has been adapted to treat individuals with chronic pain [13, 20, 21] . CBT is structured self-management intervention that includes cognitive (distraction, guided imagery, cognitive restructuring) and behavioral (activity pacing, pleasant activities, relaxation training) strategies to improve coping, increase functioning, and reduce pain in individuals with rheumatic diseases [22] . Coping skills are taught via clinician instruction, guided practice, and home practice in either individual or group-based sessions (a typical course of treatment is between 8-12 sessions). CBT may be a particularly beneficial approach, given the difficulties of coping with persistent (often daily) pain and increased mood and anxiety problems suffered by individuals with rheumatic disease and the demonstrated effectiveness of CBT for treating psychological distress [23, 24] .
Coping skills learned in CBT, for example relaxation strategies, may also be taught using biofeedback, which uses computer-assisted instruction in reducing sympathetic arousal, for example reducing muscle tension or increasing peripheral body temperature, with the purpose of increasing relaxation and reducing pain [25] . Although the evidence is mixed regarding use of biofeedback as stand-alone intervention for individuals with chronic pain, there is good support for its use in the context of CBT and multidisciplinary care.
There is substantial research examining the effect of CBT and related approaches in the treatment of chronic pain, with a Cochrane review of 40 trials concluding that CBT seems to have a small positive effect on pain, disability, and mood for adults with a broad range rheumatic diseases (including low back pain, RA, FMS, and OA) and other chronic pain conditions, and some evidence that effect on mood symptoms is maintained after 6 months [20] . The effect of CBT on specific types of rheumatic disease and musculoskeletal pain was not explicitly investigated in this review. On the basis of other reviews, small to moderate effects of psychological therapy (e.g., CBT, relaxation, biofeedback) have been found for adults with RA on pain, functional disability, psychological status, coping, and self-efficacy, with evidence of maintenance of gains over time [26] . Similarly, CBT for adults with FMS resulted in modest improvement of pain, fatigue, physical functioning, and mood, with increased effects when CBT was used in combination with exercise [27] . Further, there is some evidence that treatment gains are maintained over 6-30 months [28] [29] [30] . However, other studies suggest treatment gains dissipate over time [31, 32] ; thus, the use of booster sessions after initial treatment may be beneficial. For adults with chronic back pain, a meta-analysis found positive effects of CBT in improving pain intensity, pain-related interference, health-related quality of life, and depression [33] . CBT has also had promising effects for children with rheumatic disease including juvenile idiopathic arthritis (JIA) and juvenile fibromyalgia, [34] [35] [36] . In a recent well-controlled trial of CBT compared to education-only sessions, positive effects were found for both conditions, but CBT had much stronger effects on improving functioning among children and adolescents with fibromyalgia [37•] . Recommendations for the use of CBT are listed in Table 1 .
More recently, other therapeutic approaches are also being used for treatment of chronic pain, for example acceptance and commitment therapy (ACT). The ACT approach conveys an active willingness to have pain present without attempts at control or avoidance while continuing to participate in valued activities [38, 39] . ACT focuses on reduction of the distressing affects on pain via exposure [40] . Several studies of the use of ACT in adults with chronic pain found gains in emotional, social, and physical function compared with a waitlist condition and benefits were maintained 3 months after treatment [40, 41] . One study of children with chronic pain found that ACT approaches can also be useful for younger patients [42] . Although early studies are promising, additional research with more controlled studies are still needed.
Physical Activity and/or Exercise
Exercise and participation in regular physical activity is generally recommended for adults with rheumatic diseases and musculoskeletal pain (See Table 1 ). The American College of Rheumatology and the American Pain Society recommend aerobic exercise and physical therapy (including flexibility and muscle-conditioning exercises) for individuals with rheumatologic conditions including OA [43, 44] , RA [43, 45] , and FMS [22] . This section first reviews recommendations for the three main types of exercise:
1. flexibility and range-of-motion; 2. muscle conditioning and resistance training; and 3. aerobic exercise.
Each kind of exercise is believed to be important in physical intervention for individuals with rheumatic disease and musculoskeletal pain. In addition to improving strength, joint protection, movement, and aerobic capacity, exercise approaches can also be effective in reducing fear-avoidance related to activity and in reducing disability associated with pain [46] . It is recommended that exercise programs follow a slow and gradual progression, otherwise individuals may be at risk of increased pain and injury that may lead to lack of adherence and program discontinuation [22] .
Flexibility/Range of Motion
Flexibility and/or range of motion exercises may be beneficial in improving symptoms associated with rheumatic diseases including pain, stiffness, and lack of mobility. Improved posture and greater comfort during movement also reduces the risk of sprains and strains and enables patients to safely undertake more strenuous forms of exercise, such as conditioning and aerobic exercise. Current guidelines [43] [44] [45] recommend stretching or flexibility exercise every day for patients with OA or RA. For adults with chronic back pain, flexibility exercise is recommended two or more days a week for 30 min per day [46] . For individuals with FMS, flexibility and/or range of motion may also be beneficial in the context of an exercise program that also includes muscle strengthening [47] .
Conditioning and/or Resistance Training
For a variety of reasons, including inflammatory processes, medications, and deconditioning, patients with arthritis suffer from reduced muscle function (including loss of strength, • stretching/flexibility Incorporating exercise into daily routine and the need for adherence to recommended program to maintain gains endurance, power) which in turn affects joint support and protection during load-bearing activities. Therefore, muscle-strengthening exercises are an important component of treatment for OA and RA and are recommended twice per week [22, 44, 45] . Patients with rheumatic diseases and musculoskeletal pain who are severely deconditioned and/or have significant difficulty with physical activity may benefit from beginning with appropriate conditioning opportunities supervised by professionals, with the healthcare team helping to monitor progress (Guidelines for RA/OA). For individual with FMS, strengthening programs can also be useful, and are recommended to improve overall disease activity and reduce associated pain flares secondary to exercise [47] . To further optimize gains, it is recommended that individuals with rheumatic disease, particularly those with joint hypermobility, stretch to the point of slight resistance to avoid pain secondary to exercise. For adults with lower back pain, strengthening exercise is an important component of most intervention programs and seems to yield positive results [46] .
Aerobic Exercise
Aerobic exercise may also yield a variety of health benefits including greater cardiovascular fitness and endurance, and improved overall physical functioning. Moderate aerobic exercise (60-70 % of age-adjusted maximum heart rate) is recommended two or three times per week for individuals with RA and OA [22] . Because many forms of aerobic exercise can increase joint stress, low-impact activity may be preferred. In addition, proper attention to body biomechanics, adequate pacing, and protection of joints is needed when participating in aerobic activities. Aerobic exercise at slight to moderate intensity (i.e., two or three times per week) is also recommended for individuals with FMS [48] , with one review concluding there is stronger support for aerobic exercise than for other non-pharmacological intervention [49] . Aerobic exercise may also be beneficial for individuals with lower back pain, but one study suggested that the effects of aerobic exercise may be more pronounced for improving mood rather than affecting pain [50] .
Research Evidence for Exercise
Overall, research support for the effects of aerobic exercise on functioning and pain symptoms for individuals with rheumatic disease and musculoskeletal pain is strong. For individuals with RA, aerobic exercise combined with muscle strength training is related to increased function, aerobic capacity, and muscle strength, with no deleterious effects [51] . For individuals with OA, aerobic exercise is beneficial, although no differences between improvements for low and highintensity exercise were observed [52] . For individuals with OA, longer term effects have been observed for aerobic exercises [53, 54•] , and intervention that is water-based may have beneficial short-term effects [53] . For adults with FMS, current evidence supports supervised aerobic exercise in improving physical capacity and FM symptoms, with some recent evidence suggesting that strength training and aerobic exercise can be equally effective in reducing FMS pain [55] . For individuals with FMS, exercise may be most beneficial at moderate or high-intensity [56] . However, maintaining exercise at this level may be problematic for individuals with FMS [57] . Thus, lower-intensity activities for example walking and water exercise, may be recommended when patients first initiate an exercise program [58] . For individuals with back pain, a review of a broad range of exercise programs (most of which include a strengthening component) were found to have a positive effect on symptoms, with effects maintained at follow-up [46] . Research also suggests a positive effect of aerobic exercise for pediatric patients with chronic musculoskeletal pain conditions, for example juvenile FMS and other types of musculoskeletal pain [59] [60] [61] . A common problem that has been noted in the literature [62] is that although exercise can be highly effective in reducing pain and disability, benefits seem to be relatively short-term because patients struggle with long-term adherence to exercise programs. Further research is needed to discover the best ways to motivate patients to effectively integrate more exercise and physical activity into their lifestyles [27] .
Patient Education
Education programs are an essential part of multidisciplinary care for children and adults with RA, OA, and FMS. On the basis of the guidelines of the American Pain Society, patient education is recommended as an essential first step in pain management before pharmacological or other forms of intervention [44, 45] . Pain education programs for individuals with rheumatic diseases may consist of education about the specific rheumatologic condition, biopsychosocial factors affecting the pain experience, the effect of possible concurrent conditions (e.g., depression, headache, IBS), pain-management options (e.g., education-based selfmanagement programs, CBT, physical training, complementary therapy), and the use of medications for symptom management [44] . Involvement of patient and family may be beneficial. The purpose of such programs is to improve patients' ability to self-manage pain and reduce impairment.
One of the most popular means of patient education for RA, OA, and related rheumatologic conditions is The Arthritis Self-Management Program [63] . This program is group-based and delivered once a week, for 6 weeks (2 hours each week), in community settings. Workshops are facilitated by two trained leaders, at least one of which is a lay person who has arthritis themselves. Subjects covered include:
1. techniques for coping with pain and associated symptoms (e.g., fatigue, negative emotions); 2. use of medications; 3. effective communication with family and medical providers; 4. healthy lifestyle behavior (diet, exercise, sleep); 5. making informed treatment decisions; and 6. problem-solving strategies.
Research results are mixed regarding the effect of stand-alone patient-education programs in improving patient outcomes. Warsi and colleagues observed relatively small effects on outcomes of pain and disability of self-management education programs for adults with arthritis (RA and OA combined) [64] . A meta-analysis of the effect of patient education on individuals with RA and OA provided moderate support for use of education intervention, with stronger effects for individuals with RA [65] . A more recent Cochrane review found the effect of patient education alone for RA may be small to moderate, with limited evidence of maintenance of gains over time [66•] . This review examined 31 RCTs of patient education for adults with RA and found significant intervention effects at first follow-up for scores for disability, joint counts, patient global assessment, psychological status, and depression, with trend effects for pain. However, at final follow-up no significant effects of patient education were found, although there was a trend for patient education to be associated with lower disability scores.
For adults with FMS, a review of four types of intervention, including education, found that although education was superior to no treatment at all (e.g., wait list control), other active nonpharmacological treatment (e.g., exercise, CBT, or education combined with other modalities) were generally superior in improving a range of outcomes (e.g., pain, disability, depression) compared with patient education alone [49] . In contrast, several studies have revealed equal improvement for patient education versus CBT for adults with FMS [32, 67] , although these findings are somewhat dated. A more recent study of adults with hip OA found patient education was as effective at reducing pain as supervised exercise [68] . Similarly, for adults with low back pain, education was found to yield outcomes similar to those for physical therapy or chiropractor visits, with the last two approaches having only marginally better outcomes in respect of pain severity and disability [68] .
There is limited evidence of the effect of patient education programs for youth with rheumatic disease. This may be because patient-education programs are embedded in other non-pharmacological treatment approaches, for example in CBT programs. A recent Cochrane review found no RCTs of patient education or other psychological studies for youth with rheumatic diseases [69] . Since the publication of that review, Kashikar-Zuck and colleagues found patient education yielded significant improvements in disability, depressive symptoms, and pain for youth with juvenile fibromyalgia, but that CBT had stronger effects overall, particularly in the reduction of functional disability [37•] . For youth with RA, one multiple baseline design that examined educational and behavioral strategies found increased medication compliance for two out of three patients [11] ; however the effect of this approach on other outcomes (e.g., pain, disability) was not reported.
Overall, patient education is likely to be a vital component of an intervention approach for individuals with rheumatic diseases; however, the effect of patient education alone in improving outcomes for individuals with rheumatic diseases is not well supported.
Complementary and Alternative Medicine (CAM)
Use of CAM interventions for individuals with rheumatic disease in the United States is increasingly common, with estimates for CAM use ranging between 18 and 94 % [70, 71] . A recent review of CAM intervention for individuals with rheumatic diseases concluded insufficient research had been performed on acupuncture, osteopathic medicine, massage, and chiropractic manipulation, although patient satisfaction is reportedly high for chiropractic intervention [72] .
There may, however, be specific benefits of CAM intervention, depending on the type of rheumatological condition treated (Table 2 ). For example, chiropractic manipulation may be beneficial for individuals with lower back pain [71, 73] . Acupuncture is another commonly practiced CAM intervention and seems to have positive effects, in particular in improving outcomes for individuals with lower back pain [71, 74] . For individuals with OA there is moderate evidence that acupuncture relieves pain, particularly for patients with knee OA [75] [76] [77] [78] . In addition, evidence of successful use of massage therapy is moderate for individuals with OA and/or low-back pain but inconclusive for OA pain at other sites [76] . Evidence of successful use of Tai chi, an ancient martial art originating in traditional Chinese medicine, to improve pain symptoms for individuals with OA is inconsistent, with one review supporting use of Tai chi [76] and another discouraging use of this approach because of lack of evidence [79] . For individuals with RA, acupuncture may be beneficial [80] ; the benefit of other approaches, for example Tai chi, is less clear, possibly because of the low methodological quality of investigations on this subject [76, [81] [82] [83] .
For individuals with FMS, several systematic reviews suggest acupuncture may be associated with pain reduction [84, 85] ; however, the methodological rigor of the studies has been questioned, and better controlled trials have failed to replicate results [86] . Several reviews support the use of massage for adults with FMS [84, 87] , in particular to improve mobility and reduce helplessness [87] . Carson et al. obtained preliminary support for use of yoga to improve pain, fatigue, stiffness, and mood problems in individuals with FMS compared with those receiving standard care [88] . For youth with juvenile FMS, several patients reported using massage, acupuncture, and chiropractic care along with their medical treatment and found them to be useful on the basis of upon their self-report [86] . Overall, additional evaluation of CAM therapy is necessary using better controlled studies; at this time, however, preliminary studies of the use of acupuncture, massage, and yoga seem promising.
Conclusions
Quality of life and functioning for individuals with rheumatic disease and other musculoskeletal pain conditions may be enhanced by complementing standard medical practice with empirically-supported non-pharmacological intervention. Overall, a number of non-pharmacological treatment approaches, including CBT, exercise, and patient education, have had beneficial effects in improving patient outcomes in the context of multidisciplinary care. Emerging evidence suggests that combined non-pharmacological approaches (e.g., exercise and CBT) may be beneficial, particularly for patients with higher levels of distress and disability [89] . Although there is great potential for nonpharmacological intervention, the common theme is the need for patient involvement and motivation to incorporate new coping methods and lifestyle changes (for example a commitment to regular exercise). More work is needed to examine the effect of factors such as patient motivation and patient adherence in promoting the effective implementation of self-management programs in comprehensive pain care.
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